Introduction
Early treatment of unilateral posterior crossbite is controversial in respect of cost-effectiveness and psychosocial bene t ( Tschill et al. , 1997 ; Malandris and Mahoney; 2004 ; Prof t, 2006 ) . It has been suggested that the preferred time for treatment is in the mixed dentition period ( Viazis, 1995 ) , while others consider that orthodontic treatment in the primary dentition period is desirableSUMMARY The aim of this study was to quantify the palatal change in three groups of children: children with a unilateral posterior crossbite (TCB) who were treated, children with untreated unilateral posterior crossbite (UCB), and children without a crossbite (NCB). Study casts of 60 Caucasian children in the primary dentition (20 TCB, 20 UCB, and 20 NCB), aged 5.4 ± 0.7 years, were collected at baseline (T1) and at 1-year follow-up (T2). Both TCB and UCB groups had unilateral posterior crossbite and midline deviation. The TCB group was treated using a cemented acrylic splint expander in the upper arch. The study casts were scanned using a laser scanner and palatal surface area, palatal volume, and symmetry of the palatal vault were evaluated and compared between the three groups. At T1, the palatal volume of TCB (2698 mm 3 ) and UCB (2585 mm 3 ) was signifi cantly smaller than that of NCB (3006 mm 3 ; P < 0.05, analysis of variance test). After treatment, the palatal volume of the TCB group (3087 mm 3 ) increased and did not differ from the NCB group (3208 mm 3 ), whereas the UCB (2644 mm 3 ) had a signifi cantly smaller palatal volume than the NCB or TCB groups ( P < 0.05). The increase of palatal volume in the TCB group (389 mm 3 ) was signifi cantly greater than in the UCB (59 mm 3 ) and NCB (202 mm 3 ) groups. The symmetry of the palatal vault was greater than 90 per cent in all three groups at T1 and at T2. Treatment of unilateral posterior crossbite in the primary dentition has a signifi cant effect, particularly on the palatal volume increase.
on the crossbite side ( Kiliaridis et al. , 2000 ) . The level of maximum bite force in children with unilateral posterior crossbite is less than that in children with neutral occlusion ( Sonnesen et al. , 2001 ) and differences of the chewing cycles have been found between children with unilateral posterior crossbite and children without malocclusion ( Throckmorton et al. 2001 ; Piancino et al. 2010 ; Sever et al. , 2010 ) . Early correction of functional problems should prevent adverse dental and facial development ( Ninou and Stephens, 1994 ; Pro tt, 2006 ) as facial asymmetry due to lateral mandibular displacement in unilateral posterior crossbite, if not treated in the primary dentition, may lead to an undesirable growth modi cation ( Ninou and Stephens, 1994 ; Kilic et al. , 2008 ) , which results in facial asymmetry of skeletal origin.
A unilateral crossbite is an anomaly that develops as a result of asymmetrical dental and/or skeletal development. In the primary dentition , unilateral crossbite commonly arises as a result of a narrow maxilla ( Primozic et al. , 2009 ) that may be a result of genetic or environmental in uences or usually a combination of both. Unilateral crossbite often manifests itself as a discrepancy between the upper and lower
2 of 2 centr e lines that may also be associated with facial asymmetry ( Allen et al. , 2003 ) .
Several methods ( Petrén et al. , 2003 ) have been suggested for crossbite correction in the primary dentition period, including active maxillary expansion. The use of an expansion plate with a midline screw in the primary dentition period may result in some skeletal changes as there is less interdigitation of the midpalatal suture ( Melsen, 1975 ) , compared to the use of an expansion plate in the mixed or permanent dentition stages when orthodontic forces are considered only light enough to tip teeth ( Ngan and Fields, 1995 ; Baccetti et al. , 2001 ) .
Although a considerable number of studies investigating the effects of correcting posterior crossbites have been conducted, the outcomes are very different ( Lindner, 1989 ; Petrén et al. , 2003 ; Malandris and Mahoney, 2004 ) , as objective assessment of upper arch expansion is also dif cult. Until recently, the transverse discrepancies between the upper and lower jaws were evaluated on study casts mostly by measuring the linear intercanine and intermolar distances ( Sillman, 1964 ; Thilander and Lennartsson, 2002 ; Petrén and Bondemark, 2008 ) . However, this method is limited as it does not record tooth inclinations and angulations. Further, it has been reported ( Wertz, 1970 ) that the mandibular shift in unilateral posterior crossbite is the result of a symmetric bilateral constriction of the upper jaw. Until recently, the measurements were mainly performed on study casts by measuring the distances between the teeth cusps and the palatal midline. Therefore, these meas urements could have been biased due to tooth position/angulation and midline allocation. In fact, due to the variability of palatal rugae ( Damstra et al. , 2009 ) , it is very dif cult to de ne the palatal midline and assess the symmetry of the palatal vault before and after expansion therapy.
To overcome these problems, a laser scanner can be used in order to obtain three-dimensional ( 3D ) images of study casts. The 3D images of study casts can be used to measure palatal surface area and palatal volume ( Oliveira De Felippe et al. , 2008 ; Primozic et al. , 2009 ) .
The aim of this study was to assess the palatal change in three groups of children: children with a unilateral posterior crossbite (TCB) who were treated, children with untreated unilateral posterior crossbite (UCB), and children without a crossbite (NCB). Further objectives were to compare the palatal surface area, palatal volume , and symmetry of the palatal vault.
Subjects and methods
Ethical approval for this study was gained from the Slovenian Ethical Committee at the Medical University in Ljubljana, Slovenia. Study casts of a group of 60 Caucasian children, aged 5.4 ± 0.7 years (20 with unilateral posterior crossbite who were treated -TCB, 20 untreated children with unilateral posterior crossbite -UCB, and 20 children without unilateral crossbite -NCB), were collected. The TCB group consisted of 10 girls and 10 boys, aged 4.5 -6.3 years (mean 5.2; SD 0.7). In the UCB group , there were 12 girls and 8 boys, aged 4.1 -7.1 years (mean 5.7; SD 1.0). In the NCB group , there were 8 girls and 12 boys, aged 5.0 -6.2 years (mean 5.4; SD 0.3).
The TCB children were randomly selected from a group of children treated at the University of Ljubljana, Slovenia , and that are part of a longitudinal study ( Primozic et al. , 2011 ) . The UCB were recruited from the patients referred to the Department of Orthodontics of the University of Florence who had declined treatment during the early developmental phases. Only children in the primary dentition period with all the posterior teeth (canines and primary molars) in crossbite on one side and a midline deviation of at least 2 mm due to a functional mandibular shift were included. The functional mandibular shift was assessed clinically by an experienced orthodontist (MO).
In both the TCB and UCB group , 11 children had a functional shift on the right side, 9 children on the left side, for a total of 22 functional shifts on the right side and 18 on the left side. Further, the total transverse discrepancy between the upper and lower jaw in all crossbite children was approximately 3.5 mm on average. The NCB children were randomly selected from a local kindergarten in Slovenia.
The majority of the crossbite children had one or a combination of respiratory, deglutition , or mastication problems, while in the NCB group , only the minority of children showed deglutition impairment.
The TCB group was treated using an acrylic plate with a midline screw to expand the maxillary arch. The acrylic plate with bite plate was cemented on the upper primary molars. The screw was activated 0.25 mm every 2 days for 4 weeks to obtain a slight hypercorrection and was left in place for 4 more weeks without activation. The bite plate was removed and the acrylic plate was then used as a removable retainer for 4 months. Therefore, the expected expansion in TCB subjects would be approximately 4 mm, and active therapy was followed by about 4 months of retention.
Impressions of the dental arches were obtained at baseline (T1) and at 1 -year follow-up (T2) that corre sponded to 6-months post-treatment period in TCB group. Study casts were scanned at a distance of 60 cm with a Konica/ Minolta Vivid 910 laser scanner using a lens with a focal distance of 25 mm. With this lens, the scanner has a reported accuracy of 0.22 mm ( Keating, 2004 ) .
Each scan of the study cast was pre -processed to remove unwanted data. In order to measure the palatal surface area and calculate the palatal volume , the boundaries of the palate must be de ned. The gingival plane and a distal plane were used as boundaries for the palate. The gingival plane was created by connecting the midpoints of the dento-gingival The validity of the methods used has been reported elsewhere ( Hoyte, 2007 ) .
Statistical analysis
The Statistical Package for Social Science (SPSS Inc., Chicago, Illinois, USA) was used for statistical analysis. Analysis of variance (ANOVA) test was used to test the differences of palatal surface area and volume, after exploratory Kolmogorov -Smirnov test revealed normal distribution of the junction of all primary teeth. The distal plane was created through two points at the distal surface of the second primary molar perpendicular to the gingival plane ( Figure 1a and 1b ). The palatal surface area ( Figure 1a ) and the palatal volume ( Figure 1b ) were then calculated. Further, symmetry of the palatal vault surface was evaluated ( Figure 2 ). To check for left/right symmetry, the palatal vault was mirrored on the midsagittal plane. The percentage of shell to mirrored shells coinciding within 0.5 mm was recorded.
The validity of the methods used has been reported elsewhere ( Hoyte, 2007 ) .
The Statistical Package for Social Science (SPSS Inc., Chicago, Illinois, USA) was used for statistical analysis. Analysis of variance (ANOVA) test was used to test the differences of palatal surface area and volume, after exploratory Kolmogorov -Smirnov test revealed normal distribution of the junction of all primary teeth. The distal plane was created through two points at the distal surface of the second primary molar perpendicular to the gingival plane ( Figure 1a  and 1b ) . The palatal surface area ( Figure 1a ) and the palatal volume ( Figure 1b ) were then calculated. Further, symmetry of the palatal vault surface was evaluated ( Figure 2 ) . To check for left/right symmetry, the palatal vault was mirrored on the midsagittal plane. The percentage of shell to mirrored shells coinciding within 0.5 mm was recorded.
The Statistical Package for Social Science (SPSS Inc., Chicago, Illinois, USA) was used for statistical analysis. Analysis of variance (ANOVA) test was used to test the differences of palatal surface area and volume, after exploratory Kolmogorov -Smirnov test revealed normal distribution of the 4 of 4 data in the three groups at T1 and T2. The Kruskal -Wallis test was used to test differences of palatal vault symmetry between the three groups. The results were considered to be signi cant at values of P < 0.05. The power of the study was calculated on the basis of the sample size of the three groups and of an effect size equal to 1 ( Cohen, 1992 ) . The power was 0.80 at an alpha level of 0.05. Method error for the surface, volume, and symmetry measures was calculated, with intraclass correlation coef cient values ranging from 0.90 to 0.95.
Results
The palatal surface area, palatal volume , and the change of palatal surface area and volume from T1 to T2 are summarized in Table 1 . The P values (ANOVA test) for statistically signi cant differences between the three groups for the observed parameters are listed in Table 2 . No signi cant differences in the observed parameters were found between boys and girls (Student t -test, P > 0.05).
At baseline (T1) , the greatest palatal surface area and palatal volume were observed in the NCB group compared to the TCB and UCB groups. A statistically signi cant difference was observed for palatal surface area and palatal volume between the NCB and TCB ( P = 0.031 and 0.024 , respectively) and for palatal volume between the NCB and UCB groups ( P = 0.007). No differences for palatal surface area or for palatal volume were observed at T1 between the TCB and UCB groups ( P > 0.05). The observed symmetry of the palatal vault in terms of shell to mirrored shell overlapping was 93.91 per cent in the TCB, 91.77 per cent in the UCB , and 94.98 per cent in the NCB group at T1, with no statistically signi cant differences between the three groups ( P > 0.05).
At 1-year follow-up (T2), 6 months after the end of active treatment, three relapses (15 per cent) were observed in the treated group, while no self -corrections were observed in the untreated group. At T2 , no statistically signi cant differences for palatal surface area were observed between the three groups ( P > 0.05). However, no statistically signi cant difference for palatal volume was observed between the treated group (TCB) and the NCB group ( P > 0.05), while a statistically signi cant difference for palatal volume was observed between the UCB and NCB groups ( P = 0.001) and between the TCB and UCB groups ( P = 0.002). Further, the increase of the palatal surface area and palatal volume was signi cantly greater in the TCB group compared to the UCB group ( P < 0.05) and to the NCB group ( P < 0.05). No differences between the increase of the palatal surface area and palatal volume were observed between the NCB and UCB groups ( P > 0.05). The observed symmetry of the palatal vault in terms of shell to mirrored shell overlapping at T2 was 92.93 per cent in the TCB, 91.84 per cent in the UCB , and 94.14 per cent in the NCB group, Table 1 Descriptive statistics for palatal surface area (mm 2 ) and palatal volumes (mm 3 ) for children with a treated crossbite (TCB), untreated crossbite (UCB), and without crossbite (NCB) at baseline (T1) and at 1-year follow-up (T2) and changes of the parameters over the observed period of time. Table 2 Statistically signi cant differences ( P values, ANOVA test) between children with a treated crossbite (TCB), untreated crossbite (UCB), and without crossbite (NCB) for palatal surface area and palatal volume at baseline (T1) and at 1-year follow-up (T2) and changes of the parameters over the observed period of time. with no statistically signi cant differences between the three groups ( P > 0.05).
Discussion
Although early treatment of unilateral posterior crossbite is often recommended to create conditions for normal occlusal and craniofacial development ( Petrén et al. , 2003 ) , treatment of the malocclusion in the primary dentition period is still questionable in respect of cost -effectiveness ( Tschill et al. , 1997 ; Malandris and Mahoney; 2004 , Prof t, 2006 . It has been suggested that the later crossbites are treated, the greater the risk of damage to the temporomandibular joint ( Pirttiniemi et al. , 1990 ; Sonnesen et al. , 2001 ) . Further, this malocclusion trait is also associated with asymmetrical muscular function ( Ingervall and Thilander, 1975 ; Ferrario et al. , 1999 ) that affects the elevator muscles and bite force ( Sonnesen et al. , 2001 ). It appears that the only indication for correction in the primary dentition is where aesthetics or function may otherwise be compromised ( Malandris and Mahoney, 2004 ) .
Different treatment approaches such as selective grinding of teeth, expansion plates , and Quadhelix, are used for crossbite correction at different developmental stages ( Lindner, 1989 ; Malandris and Mahoney, 2004 ) . In this study , treatment was started in the primary dentition using a cemented acrylic plate with a midline screw for palatal expansion. After correction , the plate was decemented and used as a removable retention plate, which has been shown to successfully correct 85 per cent of posterior crossbites in the primary dentition ( De Boer and Steenks, 1997 ) . In this study, the same success rate was observed, with 15 per cent of children showing relapse.
Until recently, crossbite correction was evaluated on study casts mostly by measuring the intercanine and intermolar distances ( Sillman, 1964 ; Thilander and Lennartsson, 2002 ; Petrén and Bondemark, 2008 ) . However, this method could not exclude bias in assessing treatment success of crossbite correction due to the buccal teeth tipping. To overcome this problem, the palatal surface area and palatal volume were measured in this investigation by means of 3D laser scanning technology.
At the time of the  rst observation, children with crossbite (TCB and UCB) had a statistically signi cant smaller palatal volume than the NCB group. However, after treatment and a period of retention, there were no differences between the TCB and the NCB groups, while differences were observed between the UCB and the TCB groups and between the UCB and the NCB groups. Further, the increase of palatal surface area and palatal volume in treated children was statistically signi cantly greater than the increase of palatal surface area and palatal volume due to growth in the two untreated groups.
Both, the palatal surface area and the palatal volume of the treated group statistically signi cantly increased after treatment (T2), as reported in a previous study ( Primozic et al. , 2009 ) , showing that treatment with the expansion plate in the primary dentition period has at least partly a skeletal effect. In fact, it has been shown in previous studies that crossbite correction after active expansion is partially due to opening and bone apposition in the midpalatal suture and partially due to alveolar tipping ( Bell and LeCompte, 1981 ) . While the palatal volume increase can be a result of both, the palatal surface area increase is mainly a consequence of bone apposition in the midpalatal suture. Our study showed that both the parameters increased signi cantly more in the treated group compared to the untreated controls and to the non crossbite group in whom the observed increase was only due to growth in the midpalatal suture. The protocol employed, which involved the use of a cemented appliance during active expansion and a semi-slow rate of expansion (0.25 mm every 2 days) , may have played a role in the favourable effects of therapy.
Although previous studies reported mild bilateral constriction of the upper jaw in unilateral posterior crossbite ( Lindner, 1989 ; Thilander and Lennartsson, 2002 ) , only intercanine and intermolar distances were measured in these studies, though no comparisons between the left and right sides in respect to the midpalatal suture of the maxilla were reported. In this study, symmetry of the palatal vault surface was evaluated in terms of palatal shell to mirrored palatal shell overlapping. A high percentage (over 90 per cent) of overlapping of the left and right side of the palatal vault was observed in all three groups at baseline and at 1-year follow-up. This seems to con rm that children with unilateral posterior crossbite have a symmetric surface of the palatal vault , which can however be constricted either bilaterally or unilaterally. Therefore, further research is needed in terms of assessment of the symmetry of the palatal vault space to elucidate this problem.
Conclusions
According to the results of this study, children with unilateral posterior crossbite show a symmetric surface of the palatal vault. A favourable outcome of treatment of unilateral posterior crossbites in the primary dentition period might be also the skeletal effect of therapy on the maxillary structures in terms of increased palatal surface area and volume, in conjunction with a high success rate 1 year after the end of therapy. 
